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ABSTRACT 


Appa Rao, V., 1973. Vertical movements of the eastern coast of peninsular India in the Pleistocene 
and Recent times. Tectonophysics, 18: 367-378. 


There are clear indications from literary and historical data and from geomorphological data that 
the eastern coastal areas of peninsular India have been uplifted and parts of the bottom of the Bay 
of Bengal have subsided. The junctions of these areas of uplift and subsidences are near the coast in the 
shelf and the continental slope. The intensity and location of these movements seem to change fre- 
quently. Many of the rivers of eastern peninsular India follow faulted margins in tectonically highly 
disturbed zones which have undergone vertical movements since the depositions of rocks of the 
Cuddapah and Kurnool systems to the recent past. These areas are also associated with deep faults and 
steep gradients of gravity. It has been also observed that the Mettur, Sattanur and Nagarjunasagar dams 
in these areas are associated with sporadic seismic activity. In view of the fact that a large number of 
new civil-engineering works are being undertaken in the river valleys of the areas, which are intended 
to stand for a long time, it is suggested by the author that detailed geological and geophysical studies 
of the basement be undertaken in these areas. Also some temporary seismological observatories should 
be set up in these areas to study their seismicity thoroughly. 


INTRODUCTION 


Vertical movements are among the recent tectonic phenomena in the development of 
the earth’s crust. The data on them can be used to distinguish important features resulting 
from deep-seated geological and geophysical processes which are at present active within 
the crust and upper mantle. 

A comparison of the data on recent tectonic movements inferred from seismic and 
gravimetric data may enable approximate quantitative relationships to be found between 
the surface movements of the earth and deep-seated processes. These relationships will in 
future enable an interpretation of the tectonic movements of the geological past and re- 
construction of the deep-seated processes of physicochemical transformations in the sub- 
crustal layer. The study of the recent tectonic movements and the recent geophysical fields 
must lead to an interpretation of the ancient tectonic movements which will help in the 
reconstruction of paleo-geophysics. 
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In addition to the theoretical importance, outlined above, the analysis of the recent 
vertical movements has also some practical value. Data about recent deformations of the 
earth’s surface are essential for the planning of multi-purpose engineering projects, such 
as dams across rivers, hydroelectric projects, harbours, tunnels, atomic plants, etc., which 
are intended to stand for a long time. 

Recent vertical movements can be studied qualitatively and quantitatively. The quanti- 
tative methods are instrumental, seismic and geodetic. The qualitative methods are the 2 
geological, historical—archeological and geomorphological methods. 

‘While preparing the seismotectonic map of Europe, Beloussov et al. (1968) have ob- 
served that the junction zones of recent uplift and subsidence, which are characterized 
by relief readjustments during the recent period, are areas of high seismicity. These relief 
readjustments result in the changes in river courses, manifestation of volcanic activity, 
high gravity gradients, etc. Such areas are also characterized by the association of deep 
faults with large uplifts transverse to the main strike of tectonic zones (Vaidyanadhan, et 
al., 1971, p. 302). The occurrence of storage earthquakes on large arched uplifts of some 
platform regions has been explained as indicating intensification of tectonic activity in 
recent periods. Donabedov and Sidorov (1963) report that in the ancient Precambrian 
platforms the zones of transition from positive to negative geostructural elements are often 
characterized by faults and often reflected by intensive changes in the character and sign 
of recent vertical movements and also with marked steep gradients of gravity anomalies. 

Precambrian basement areas of Australia, e.g., Cloncurry and other areas exhibit intense 
and interesting gravity features (Darby, 1970). Gravity gradients were found to correspond 
to known geological lineaments: the Fraser fault and the Cape Riche—Yandanooka linea- 
ment (a zone of seismicity). 

Kafri (1970) reported that differential uplift, subsidence and tilt occurred in the coastal 
plains of Israel during the Pleistocene. 

There are clear indications from literary and historical data and from geomorphological 

‘data that the eastern coastal areas of peninsular India have been uplifted and parts of the 
bottom of the Bay of Bengal have subsided. The junctions of these areas of uplift and 
subsidence are near the coast, in the shelf and on the continental slope. These are also 
associated with deep faults and steep gradients of gravity anomalies. 

Gubin (1968) is of the opinion that the Quaternary movements of peninsular India are 
inherited from the Tertiary period tectonic movements. The intensity and location of these 
movements seem to change frequently. 

Parts of many of the rivers in the eastern peninsular India follow faulted margins in 
tectonically highly disturbed zones which have undergone vertical movements since the 
Cuddapah—Kurnool orogeny (600—500 m.y.B.P.) to the historically recent past. It has 
been observed by Grady (1971, p. 59) that the dams at Mettur and Sattanur are associated a 
with sporadic seismic activity. This situation warrants that the areas of present and future at 
civil-engineering project works should be covered by detailed geological and geophysical 
studies of the basement. Also some temporary seismological observatories should be set up 
in these areas to study their seismicity thoroughly. 
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KRISHNA—GODAVARI BASINS 


In Andhra Pradesh, the Krishna delta is known in the local language as Divi Seema: a 
land of islands. In the second century A.D., there was flourishing maritime activity in the 
area as evidenced by the discovery of anchoring platforms for merchant ships at 
Nagarjunakonda in the Krishna valley. In this valley the Satavahana and Ikshvaku civilisa- 
tions (second century B.C. and third century A.D.) flourished. Nagarjunakonda Hill was a 
great centre of the school of Mahayana Buddhism set up by Nagarjuna, a follower of 
Gautama Buddha. There was a university on the hill where students from central Asia, 
China and south Asia studied. There was a flourishing sea trade between the Roman empire 
and the rulers along the east coast of India in this period as is evidenced by the occurrence 
of a number of Roman coins at several places in the archaeological excavations in the 
Krishna river valley and delta areas. 

The author of the Periplus of the Erithrean Sea, Pliny (A.D. 23—79), and Ptolemy have 
listed several ports of ancient India in their records. Of these, many names like Poduke, 
Kottis, Mamarpha, Katikardama, Alosigne, Kannagara, etc. cannot now be identified. The 
Tinna and Maisolus rivers were flowing in India. Maisolia was named as a state in India. 
There is a confusion among the Andhra historians as to the correlation of these rivers and 
place-names. Two ports are definitely correlated in the Krishna delta as the present Gudur 
(Koddura) near Masulipatnam, and Ghantasala (Kontakassila) inside the delta. There is a 
record in Telugu literature that the wreck of a Roman ship was submerged at Ghantasala 
(Kontakassila of Ptolemy) in the Krishna delta. 

In the Nagarjunakonda valley, stone-age human implements have been found associated 
with raised river terraces (R. Subramaniam, personal communication, 1971). 

Between Vijayawada and Masulipatnam in the Krishna delta a high gradient of low nega- 
tive Bouguer anomalies of 50 mGal falling in a distance of 60 km is observed from the 
Bouguer anomaly map of the Godavari—Krishna delta (Qureshy, 1971). This high gradient 
is also associated with extensive distribution of recent sediments. The gravity anomalies 
also indicate the possible existence of a deep-seated NE—SW trending fault in this area. 

The Godavari River is flowing in a rift valley of 50 km width and 800 km length ina 
NW-SE direction. This rift valley has undergone continuous tectonic disturbances right 
from the Early Precambrian to the Late Tertiary period, as evidenced by sedimentary de- 
posits of all periods and also associated with Cretaceous—Eocene volcanic activity. Along 
the eastern margin of this rift valley near Venkatapur recent sediments occupy a narrow 
band of 10 km width and 60 km length. These sediments are also associated in this region 
with a high gradient of negative Bouguer anomalies falling by 70 mGal in a distance of 
40 km. 

In all, about 200—1200 ft. thickness of alluvia in the Krishna—Godavari delta has been 
indicated by the drill-hole data of the Tube-wells Project by the Central Groundwater 
Board. 

Kolleru Lake, with an area of about 2200 sq. miles, in the Krishna—Godavari delta 
systems is suggested to have originated as the natural remnant of a lagoon between the 
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deltas of the Godavari and Krishna rivers (Vidyanath, 1962). It is also probable that the 
lake originated as a delta-lake depression as a response to the isostatic disturbance created 
by the sedimentation in the active deltas, on either side of it. 

Another interesting feature indicating recent vertical movements is at the Srisailam 
gorge in the Krishna river valley. The narrow and steep gorge has a vertical depth of 
780 ft. with an S-shaped meander incising into the Srisailam quartzites. Vaidyanadhan 
(1964, p. 33) suggested that the gorge owes its origin to vertical movements (cymatogenic 
arching) across the course of the river necessitating that the river cut a gorge of that mag- 
nitude. 


CAUVERY RIVER BASIN 


It is now realised that the course of the River Cauvery in south India as observed is 
different from what it was during its inception during Late Cretaceous or Early Tertiary 
times. The upper part of the course over the Mysore plateau might have had only slight 
modifications both headward as well as laterally, but the lower part from the Sivasamudram 
Island appears to be quite different (Vaidyanadhan, 1971, p. 14). 

The vast flood plain of the Palar, with negligible flow even during flood times, and a 
long and broad NE—SW trending valley for about a distance of 65 miles in Tamilnadu, 
southeast of the Mysore plateau, require satisfactory explanation. 

Extensive occurrences of gravels and cobbles were recorded at a number of places in 
the coastal area of Nellore which could have only been transported by rivers of magnitude 
and dimension such as do not exist nearby at the present time (Vaidyanadhan, 1963). The 
extensive shoals in and east of Pulicat Lake, that can be observed in the Admiralty Chart 
no. 575 (1961), may be due to the sediments brought by the Palar River. Recent studies 
of the marine platform off the coast from Vishakhapatnam to Pondicherry (Subba Rao 
et al., 1967) have brought to light the existence of submarine canyons. A few have been 
located northeast of Pulicat Lake and have been attributed to rivers flowing from the 
southwest. It is interesting to point out that the canyons are not to be found immediately 
east of the present confluence of any of the rivers, right from the Godavari to the 
Cauvery (Vaidyanadhan, 1971, p. 19). Pleistocene oscillations in sea level coupled with 
recent vertical movements of the coast might have had something to do with this. 

The area between Pulicat and Madras is characterized by high gravity gradients. In this 
region the negative Bouguer gravity anomalies rise by 60 mGal and fall by 60 mGal in a 
distance of 40 km. The trend of the anomalies indicate the possible existence of a rift 
valley filled up with Recent sediments in a NE—SW direction in this area. Diagonal to this 
the ancient channel of the Palar, along a minor fault, has been traced by the recent 
U.N.D.P. Project of geophysical surveys for groundwater in Tamilnadu (Fig. 1 and 2). 

In ancient Telugu literature, Pulicat Lake is known as ‘Pralayakaveri’ meaning “The 
Cauvery of the Great Floods”. Recently at Kanchipuram near Madras, a Buddhist stupa 
of the Amaravati-Nagarjunakonda school of art has been excavated. Here also some Roman 


aN 


372 V. APPA RAO 


~ vv RECENT SEDIMENTS 
p FAULT ZONES(GRADY, 1971) 


PRINCIPAL DEEP-SEATED FAULTS 


— MAJOR FAULTS 


272-7 MINOR FAULTS 


y PROPOSEO FAULTS 
a 





3 
1,2,3 (AFTER KARUNAKARAN, 
tt SWARNAMUKHI FAULT 1971) 
—-— THRUST FAULT 


2800Km t Di BGEATeD FAULT 
Seer E Val 


4 (AFTER VAIDYANADHAN 1962} 
5, 6and7AFTER APPARAO, 1972) 


L E ae 


76 82 

















Fig. 2. Deep-seated faults of peninsular India and their association with recent sediments. 


coins have been found in the excavations. This place must have been connected with an 
inland river port having trade relations with Rome. Taking all the above points into con- 
sideration it seems possible that the Cauvery flowed through the Palar along the trend of 
the deep-seated NE—SW fault into the Publicat Lake area till 300 A.D., with very great 
discharges. In later times the course must have changed towards northeast and east in 
successive stages until captured by headward erosion of a consequent stream over the 
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coastal plains, south of Madras. The northwest to southeast course of the Palar River very 
near the coast is also a comparatively recent development. 


RIVERS IN THE CUDDAPAH BASIN 


The western and the eastern margins of the Cuddapah basin have been continuously 
subjected to tectonic disturbances from the post-Early Cuddapah times onwards. 
Vaidyanadhan (1962, p. 70) has suggested that the faults along the Archaean—Cuddapah 
boundary in the south and southeast and some within the basin are due to gradual uplift 
of the southeastern part of the basin. Evidence is adduced to show that the pattern of 
major river development in the southern part of the basin is due to superposition over an 
erosion surface, of about 2800 ft. above mean sea level (Vaidyanadhan, 1964, p. 33) and 
gradual lowering of the rivers since Tertiary times. It was also shown that the Pleistocene 
sea-level variations affected the river development considerably. 

From evidences like entrenched meandering and the small radius of curvature 
(0.25 mile) of the meanders, Vaidyanadhan (1962, p. 82) reports that the Cheyyeru River 
which is a tributary to the Pennar River, must have been inherited from the then existing 
erosion surface on the Cuddapahs and then slightly modified in its course within the basin 
along a WNW—ESE fault. An enormous thickness of sand in a small area of the Cheyyeru 
tiver basin near the Togurupet and Badanagadda area and possibly associated with sub- 
mergence in faulted troughs has been indicated by the geophysical surveys of the National 
Geophysical Research Institute in 1971. A raised river terrace near Katarapalle in the same 
area has been reported by Vaidyanadhan (1962, p. 78), which may be indicative of recent 
vertical movements. 

The Velikonda Hills form the easternmost range of folded rocks of the Cuddapah basin 
extending roughly N—S, facing the Nellore plains to the east. The Pennar River winds its 
way through the range joined by the Cheyyeru. The heights of the hills are usually around 
3000 ft. and most of them are less than this in height. Pennar River is the master stream 
that managed to survive not only by the fact that its waters were not abstracted, but also 
because subsequent streams like the Sagileru, flowing along the axis of the fold, augmented 
the supply of water, thus enabling it to cut deeper and deeper. The presence of alluvium 
at depths of around 100 ft. at the Somasila gorge near the Archaean—Cuddapah boundary 
and around 50 ft. at Mailavaram near Jammalamadugu upstream of the river 
(Vaidyanadhan, 1962, p. 84), indicates the effects of relative vertical movements and 
subsidences in the Quaternary. The drill-hole data of the Tube-wells Project by the Central 
Board for Groundwater (G. Dhoolappa, personal communication, 1971) indicates a thick- 
ness varying from 800 to 1200 ft. for the recent sediments in the Pennar delta at the coast. 

Sen and Narasimha Rao (1968) mention that much of the eastern margin of the basin 
is concealed by soil and that faults were recorded at several places along the margin, in 
which the basement rocks of the east are thrust over the younger formations in the west. 
The regional gravity and magnetic profile by Reddi ct al. (1968) across the Archaean— 
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Cuddapah boundary indicates that about 8 km east of Markapur a thrust fault separates 
the Archaeans from the Cuddapahs. The Archaean—Cuddapah boundary south of 
Udayagiri is characterized by negative gravity anomalies falling very rapidly by about 

50 mGal within a distance of 20 km. This feature runs for nearly 40 km in an arcuate shape 
with concave bulge to the west. The author suspects this to be a fault of a deep-seated 
origin. Parallel to this there are major faults recorded in the Lower to Middle Precambrians 
to the east. A study of two aeromagnetic profiles by the N.G.R.I. across the Cuddapah 
basin, to the north and south of Udayagiri gives supporting evidence to confirm the 

above conclusions (Atchuta Rao et al., 1970). The southeastern margin of the Cuddapah 
basin is bordered by a fault between Tirupati and Kalahasti in a ENE—WSW direction 
along which the Swarnamukhi River flows. It is, thus, suggested that the northern portion 
of the eastern margin of the Archaean—Cuddapah boundary is affected by thrust faults 
and the southern portion of the eastern margin of the Archaean—Cuddapah boundary is 
affected by deep-seated vertical faults. 

These faults may be very old, possibly of the Eastern Ghat orogeny period (1600—1400 
m.y.B.P.). The author wonders whether these have been associated with continuous tec- 
tonic movements from post-Eastern Ghat orogeny through the Tertiary to the Recent 
period. If this is to be true, one must expect faceted spurs, alluvial fans, changes in river 
courses, etc. in the areas under discussion. The author leaves this problem to be studied by 
field geomorphologists in the future. 


RECENT SUBMERGENCES AND EMERGENCES OF COASTAL AREAS 


Near the seacoast the sea terraces, having fossils of modern species, are uplifted 15—30 
m above sea level, along the shores of Nellore, Madras, Madura and Tirunelveli (Krishnan, 
1956). Also partial submergence under the sea of historical places like the Mahabalipuram 
temples (800 A.D.) near Madras, the Vishakhaswamy temple near Vishakhapatnam 
(1100 A.D.), and Arikamedu near Pondichery (300 A.D.), etc., indicate recent tectonic 
movements in the eastern coast. The author, however, does not rule out the possibility of 
transgressions of the sea during the post-Pleistocene period as a cause for the changes in the 
coastline here. 

Ptolemy has named the Mausolia port of in his list of Indian ports in trade with Rome. 
Later Marco Polo visisted the Mutaphili international port in 1290 A.D. which was then in 
trade with China, southeast and far east Asian countries and Mediterranean countries. It 
has been identified by historians that Motupalli in the Bapatla Taluk along the coast is the 
Mutaphili port mentioned by Marco Polo. The port was patronized by the rulers of the 
Kakatiya (1126 A.D.—1323 A.D.) and Vijayanagar (1386 A.D.—1565 A.D.) empires. This 
port has subsequently been covered by beach sands. An inscription credited to the rulers 
of Kakatiya regarding the levies on maritime trade was found in a temple submerged under 
sands in the area. Kaveripattanam was an ancient (200 B.C.—200 A.D.) seaport along the 
present confluence of the Cauveri, having maritime trade with Rome as recorded in the 
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ancient Sangam Tamil literature. Geophysical surveys conducted by the N.G.R.I. about 
6 m. from the seacoast in this area have delineated the submerged settlements of the 
ancient port. 

Arikamedu is an ancient port (100 B.C. — 300 A.D.) dug up during archeological exca- 
vations on the seacoast near Pondicherry by Sir Mortimer Whealer of the Archeological 
Survey of India. This port had maritime trade relations with Rome as evidenced by the 
discovery of a large number of Roman coins. 

At Mahabalipuram near Madras, the Pallava kings of south India (500 A.D. — 800 A.D.) 
were responsible for the construction of the famous “Seven Pagodas” or rock-cut temples 
in the gneissic rocks. Some other temples, constructed by these kings nearby the present 
pagodas, are submerged under the sea. 

In the Srikakulam district between the Andhra—Orissa border, and the coast 
Mukhalingam on the banks of the Vamsadhara river has been identified by the historians 
as the ancient capital of the Kalinga rulers (500 A.D. — 1437 A.D.). This place is now a 
few miles inland from the sea. It has been recorded in literature that it was an international 
port, having maritime trade with China and southeast Asian countries. People from 
Kalingaland passed through this port on their way to colonize the lands of Djawa, Siam, 
etc. 


RECENT VERTICAL MOVEMENTS AND SEISMICITY 


The occurrences of earthquakes along the Anatolian and San Andreas faults clearly in- 
dicate that earthquakes are closely associated with zones of active faulting. Excellent 
agreement between geomorphological and geodetic data indicating continuous vertical 
movements in the Surkhob fault area of the highly seismic Garm region (U.S.S.R.) has 
been reported by Mescherikov (1968). In this area a 55 m river terrace has been formed by 
continuous vertical movement over a period of 5000 years. It has also been found that 
one side of the fault indicated an upheaval with a velocity amounting to 100 mm/year 
while the other side did not show any movement. The transition zone has a width as smail 
as 200 m. 

A peculiar situation exists in Japan where there are faults which were active in the Late 
Quaternary but which now seem to be temporarily quiet for lack of any measurable creep 
movements (Rikitake, 1968). Along a few faults in central Japan, deformation by creep 
amounting to 1--5m/1000 year during the Quaternary has been found. It is feared that 
these fault movements might result in large-scale earthquakes and the strength of the crust 
in these areas indicates average intervals of earthquake occurrence of several hundred to 
one thousand years. 

Gubin (1967) states that the rates of tectonic movements are uneven, and that they are 
increasing and decreasing intermittently. 

Archaeological records clearly indicate the existence of human habitation in the river 
valley and delta areas of the Eastern coast of peninsular India from 5000 B.C. Unfortunately 
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there are no proper historical records indicating the occurrence of strong earthquakes 
during the past 7000 years. Sporadic occurrences of minor earthquakes in these areas are 
reported now and then by the seismological observations of the India Meteorology De- 
partment and the N.G.R.I. At present there are only two inland observatories, at Hyderabad 
and Kodaikanal. The present network of these observatories is not sufficient to register 
precisely all the minor earthquakes in these coastal areas and river valleys. Based on the 
frequency of occurrence of earthquakes of different magnitudes in any area, seismicity 
maps are prepared for that area. These maps indicate the degree of possibility of occur- 
rence of earthquakes of different magnitudes in future. Richter (1971) states that the 
existence of sporadic earthquake activity in any area seriously limits the applicability of 
the average magnitude/frequency relationship to estimations of long-term seismicity. 
Since the eastern coast of India is characterized by sporadic earthquake activity, the exist- 
ing seismicity maps of India covering these areas cannot be used for a study of long-term 
seismicity of these areas. 

Tt is suggested by the author that five temporary seismological observatories be set up 
at Bhadrachalam in the Godavari valley, at Srisailam and Nagarjunakonda in.the Krishna 
valley, at Rajampet in the Pennar river basin and Tirupati in the Swarnamukhi basin. 

In the Godavari valley a barrage is proposed for construction across the river at 
Polavaram. In the Pennar basin dams are proposed for construction at Somasila across the 
Pennar, at Badanagadda across the Cheyyeru, across the Papagni River near Rayachoti, 
etc. There have been reports of earth tremors in the Produturu area near Cuddapah during 
1968—1970. The Prodduturu area is near a fault close to the Cuddapah—Kurnool boundary. 
The seismic activity of these areas must be clearly studied before the dams are constructed 
so that proper earthquake-resistant designs can be made for the dams. 

In the Krishna river basin there is already a 100-sq. miles reservoir at Nagarjunakonda. 
One hydroelectric project is now under progress at Srisailam across a very narrow and 
steep gorge of recent age in the Krishna river. Occurrence of more than 300 tremors to- 
wards the Nagarjunakonda area have been reported during 1968—1971 by the N.G.R.I. 
observatory at Hyderabad. These areas should be investigated properly for any possible 
effects of man-made reservoirs in triggering earthquake activity in the future. 

At Tirupati a dam is being constructed across the Kalyani River which is a tributory to 
the Swarnamukhi. The Kalyani is flowing along a fault in the Archaeans bordering the 
Cuddapah basin. The Swarnamukhi is also flowing along a fault between Tirupati and 
Kalahasti (Vaidyanadhan, 1962, p. 79). The Swarnamukhi and Kalyani faults are meeting 
at the Nagapatla tank to the south of the present dam alignment. The deep-seated fault 
in peninsular India indicated by Karunakaran (1971), when extended slightly north, meets 
this fault junction at Nagapatla. The author noticed geomorphological and structural evi- 
dence at the Kalyani fault indicating reactivation of the fault in two stages. Earth tremors 
have been reported in 1948, 1956 and in 1960 in the Tirupati area. The author feels that 
the Tirupati area is still tectonically active. 

Grady (1971, p. 59) is of the opinion that the majority of the earthquakes recorded in 
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peninsular India are concentrated along the deep faults to the south of Madras. A few years 
back, earth tremors at Madras associated with loud thunderous sounds were attributed by 
the G.S.I. to local collapsing in the groundwater aquifers. Earth tremors have also been 

felt in recent years at the Mettur and Sattanur dams in the Cauveri basin (Grady, 1971, 

p. 59). 
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